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Description 



Remote identification of container 
contents by means of multiple radio 
frequency identification systems 

Background of Invention 

[0001] This invention relates to a method and apparatus for per- 
forming the remote, real-time identification of the con- 
tents of containers by means of multiple radio frequency 
identification systems. 

[0002] Radio Frequency ID (RFID) systems allow for the identifica- 
tion of objects at a distance and out of line of sight. They 
are comprised of transponders called radio frequency (RF) 
tags and RF interrogators (also called readers). The tags 
are smaller, sometimes as small as a grain of rice, less 
expensive than interrogators, and are commonly attached 
to objects such as product packages in stores. When an 
interrogator comes within range of an RF tag, it may pro- 
vide power to the tag via a querying signal, or the RF tag 
may use stored power from a battery or capacitor to send 



a radio frequency signal to be read by the RFID interroga- 
tor. 

[0003] rf tags may consist of single integrated circuits, circuits 
and antennae, or may incorporate more complex capabili- 
ties such as computation, data storage, and sensing 
means. Some categories of RFID tags include the follow- 
ing: passive tags that acquire power via the electromag- 
netic field emitted by the interrogator, semi-passive tags 
that respond similarly, but also use on-board stored 
power for other functions, active tags that use their own 
stored power to respond to an interrogators signal, in- 
ductively coupled tags that operate at low frequencies and 
short distances via a coil antenna, single or dipole an- 
tenna-equipped tags that operate at higher frequencies 
and longer distances, read-write tags that can alter data 
stored upon them, full-duplex or half duplex tags, colli- 
sion arbitration tags that may be read in groups, or non- 
collision tags that must be read individually. 

[0004] RFID systems present a number of advantages over other 
object marking and tracking systems. A radio frequency 
interrogator may be able to read a tag when it is not in 
line of sight from the interrogator, when the tag is dirty, 
or when a container obscures the tag. RFID systems may 



identify objects at greater distances than optical systems, 
may store information into read/write tags, do not require 
a human operator, and may read tags hidden from visual 
inspection for security purposes. These advantages make 
RFID systems useful for tracking objects. 
[0005] Generally, less expensive RFID systems have lesser capa- 
bilities. For instance, passive tags may have very low cost 
per unit, facilitating widespread use, but they also have 
limited range. RFID systems may also fail when applied to 
groups of objects, containers of multiple objects, or 
nested containers of objects. For shipping and warehous- 
ing of large containers on pallets, which often contain 
nested containers, inexpensive passive tags on individual 
objects may not provide adequate identification rates. Hu- 
man manipulation of such objects may afford acceptable 
identification rates, but it also increases the cost of iden- 
tifying each object. Active tags have greater range, but 
they may be impractical in many instances because of 
cost, shelf life, RF interference or other reasons. There is a 
need for a system that allows for the use of multiple tag 
types for groups of objects in potentially mobile contain- 
ers that delivers a high read rate under a variety of condi- 
tions, at a distance, and at a reasonable cost. Such a sys- 



tern presents an advantage over prior art by surmounting 
compatibility issues presented by environments equipped 
with RFID systems of one type that need to process items 
tagged by a system of a different type. 

[0006] U.S. Pat. No. 6,127,928 discloses an apparatus and 

method for a radio frequency document control system 
that enables the location of documents, such as office 
files, to be automatically and rapidly identified. The appa- 
ratus differs from this invention in a number of regards: 
the intermediate transceiver is not attached to a mobile 
container or described as operating while in motion; it re- 
quires a personal computer or other computation means 
to process the identity of documents; and its order of 
communication between transceivers does not allow for 
switched, efficient scanning of a containers content. 

[0007] u.S. Pat. No. 6,529,446 discloses an interactive medica- 
tion container or console that holds or otherwise orga- 
nizes one or more medication vials or containers. The 
system automatically acquires information from memory 
strips on the vials or containers that is then made avail- 
able to an external data processing system. It differs from 
this invention in several important regards: the medication 
container does not communicate via RFID with the exter- 



nal world, and the invention does not facilitate the rapid 
remote inventory of a mobile container. 
[0008] U.S. Pat. Application No. 2002/0183882 Al discloses a 

point of sale and delivery method and system using com- 
munication with remote computer and having features to 
read a large number of tags. The system resembles that 
disclosed in U.S. Pat. No. 6,529,446. It automatically ac- 
quires information from tags on the products within a 
container and then presents them to an external data pro- 
cessing system. It differs from this invention in several 
important regards: the external container does not com- 
municate its contents via RFID with the external world. In- 
stead, it uses, in one embodiment, an external RFID sys- 
tem to restrict access to the container. The invention does 
not provide the advantage of translating between incom- 
patible RFID systems. The invention does not provide the 
advantage of effective remote inventory of clustered or 
nested containers via an external RFID system. 
Summary of Invention 

[0009] This invention relates to a method and apparatus for en- 
abling the remote, real-time identification of the contents 
of containers by means of multiple radio frequency identi- 
fication (RFID) systems. 



°] One embodiment of the apparatus comprises a container, 
an on-board interrogator with a mobile stored power 
means, a mechanical electrical switch affixed to the con- 
tainer's opening, an externally accessible radio frequency 
(RF) tag, multiple tags affixed to objects sufficiently small 
to lie within the container, and an external interrogator or 
interrogators which communicate with the apparatus'^ 
externally accessible RF tag. 

1 ] When the container is closed, the mechanical switch, 
which is affixed to its opening, signals to the on-board 
interrogator that it should function for a preset period of 
time. The interrogator then queries RF tags within its inte- 
rior and reads their IDs into stored memory within the ex- 
ternally accessible RF tag attached to the container. When 
the external interrogator polls the externally accessible RF 
tag or detects the externally accessible RF tag"s beacon, it 
acquires the inventory of the internal tags that was estab- 
lished at the time the container was closed. Because the 
externally accessible RF tag may be an active tag with sig- 
nificant stored power, a potentially more effective fre- 
quency, and with less shielding by the container walls, it 
may have a much greater range and capacity to surmount 
obstacles than the RF tags within the container. The struc- 



ture of the container, externally accessible RF tag, and an- 
tenna may be configured such that a desired successful 
read rate can be achieved given known configurations of 
containers. The apparatus allows for automatic translation 
between RFID systems: while the containers interior may 
be populated with RF tags that cannot by read by an ex- 
ternal interrogator, as long as the externally accessible RF 
tag is compatible, the entire group represented by the 
container and its contents may be inventoried by the ex- 
ternal interrogator. 
[0012] Another embodiment of the apparatus comprises a small 
mobile container such as an attache case, RFID tags, on- 
board interrogator, and a remote RFID interrogator. An- 
other embodiment comprises a large mobile container 
such as a cargo container or vehicle or trailer, RFID tags, 
on-board interrogator, and a remote RFID interrogator. 
Another embodiment comprises a kit of components that 
may be used to retrofit existing containers of various 
sizes to give them the desired identification capabilities. 
Many embodiments of the invention are suitable for 
nested use. 

[0013] The foregoing general description and the following de- 
tailed description are exemplary and explanatory only and 



do not restrict the claims directed to the invention. The 
accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate some em- 
bodiments of the invention and together with the descrip- 
tion, serve to explain the principles of the invention. 
Brief Description of Drawings 

[0014] FIG. 1 is a diagram illustrating an embodiment incorpo- 
rated in an attache case. 

[0015] FIG. 2 is a diagram illustrating an embodiment incorpo- 
rated in a large container. 

[0016] FIG. 3 is a flowchart illustrating an operating cycle typical 
of inventorying the container. 

[0017] FIG. 4 is a flowchart illustrating an operating cycle typical 
of remotely acquiring the inventory of the container. 
Detailed Description 

[0018] The following detailed description of embodiments of this 
invention and the attached figures are intended to provide 
a clear description of the invention without limiting its 
scope. 

[0019] FIG. 1 is a diagram illustrating an embodiment of the in- 
vention, incorporated in an attache case. The RF tag 101 
is attached to an object or objects within the attache case. 



In this embodiment, the RF tag 101 is a passive tag oper- 
ating at 125 kHz, 13.56 MHz, or 900 MHz. The shape of 
the objects within the attache, the shape of the attache, 
and the orientations of the RF tags with respect to the ob- 
jects and the interrogator / interrogator antenna 103 en- 
sure that the rate of successful read operations performed 
by the interrogator upon the interior objects is optimal. In 
an alternate embodiment, compartments or dividers or 
multiple interrogators might perform the same function 
for containers and objects of different geometries. Exter- 
nally accessible RF tag 102 is an active or semi-passive 
tag that contains an inventory of the tags contained within 
the attache as the identification code that it passes to ex- 
ternal interrogators, either by beacon or in response to a 
polling signal from an interrogator. The externally acces- 
sible RF tag 102 may also be made to respond to activa- 
tion of a physical switch or at preset time intervals or for a 
period after a triggering event. Tab 104 toggles electrical 
switch 105 when the attache is opened or when the at- 
tache is closed. Switch 105 initiates interrogation by in- 
terrogator / interrogator antenna 103, powered by stored 
power means 106, comprising an electric battery, fuel cell, 
or other stored power means. Data storage means and 



optional data processing means may reside in 103 or 106. 
The components other than the container may collectively 
represent a kit that can be added to an ordinary container 
to give it the advantages presented by this invention. 

[0020] FIG. 2 is a diagram illustrating an embodiment incorpo- 
rated in a large container. 

[0021] The RF tag 201 is attached to an object or objects within 
the container 204. In this embodiment, the RF tag 201 is a 
passive tag operating at 125 kHz, 13.56 MHz, or 900 
MHz. Externally accessible RF tag 202 is an active or 
semi-passive tag that contains an inventory of the tags 
contained within the container as the identification code 
that it passes to external interrogators, either by beacon 
or in response to a polling signal from an interrogator. 
The externally accessible RF tag 202 may also be made to 
respond to activation of a physical switch or at preset time 
intervals or for a period after a triggering event. When the 
container door opens or when a motion sensor is tripped, 
electrical switch 205 is toggled. Switch 205 initiates inter- 
rogation by either of the two interrogator / interrogator 
antenna 203, powered by stored power means 206, com- 
prising an electric battery, fuel cell, or other stored power 
means or by optional externally supplied power. Data 



storage means and optional data processing means may 
reside in 202. The components other than the container 
may collectively represent a kit that can be added to an 
ordinary container to give it the advantages presented by 
this invention. 

[0022] FIG. 3 is a flowchart illustrating an operating cycle typical 
of inventorying the container. In 301, the cycle is initiated, 
generally when the apparatus is powered on or the stored 
power means is recharged or refueled. In 302, the appa- 
ratus is in a power conserving state, waiting for the con- 
tainer door switch to toggle it into inventory acquiring 
mode. In other embodiments a motion sensor or timer 
circuit might trigger the acquisition of inventory. In 303, 
once the apparatus has entered inventory acquiring mode, 
it polls the RF tags attached to internal objects, reads the 
RF tags" response signals, and stores the identification 
values into the on-board memory means, such as EEPROM 
memory. In 304, the apparatus checks to see if additional 
tags are available within the container for reading. If so, 
control returns to 303. If not, then control proceeds to 
305, where a test is made for whether the interrogation 
period time interval has elapsed. If not, then control is re- 
turned to 303. If so, then the apparatus ends internal in- 



terrogator polling, returning to power conserving mode 
and ending the inventorying cycle. 
[0023] FIG. 4 is a flowchart illustrating an operating cycle typical 
of remotely acquiring the inventory of the container. The 
cycle begins in 401, generally after the inventorying cycle 
of FIG. 3. In 402, either the externally accessible RF tag 
sends a beacon at preset intervals or waits for a signal 
from an external interrogator, depending on the RF tag 
type or mode of operation. In 403, once a polling signal 
has been detected, the apparatus performs a test to de- 
termine whether the container door is open. In 404, con- 
trol returns to 403 if the door is open to prevent trans- 
mission of erroneous inventory information. If the con- 
tainer door is closed, control proceeds to 405, whereupon 
the apparatus sends the inventory of the containers con- 
tents to the external interrogator. 



